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SEAC 


The National Bureau of Standards Eastern Automatic Computer 


The completion and successful operation of SEAC— 
the National Bureau of Standards Eastern Automatic 
Computer—has been achieved by scientists of the Na- 
tional Bureau of Standards. SEAC is the fastest, 
general purpose, automatically sequenced electronic 
computer now in operation. It was developed and 
constructed, in a period of 20 months, by the staff of 
the National Bureau of Standards under the sponsor- 
ship of the Department of the Air Force to provide a 
high-speed computing service for Air Force Project 
SCOOP (Scientific Computation of Optimum Pro- 
grams), a pioneering effort in the application of 
scientific principles to the large-scale problems of 
military management and administration. SEAC will 
also be available for solving other important problems 
of general scientific and engineering interest. 

SEAC automatically performs all of the logical and 
arithmetical operations required to solve a particular 
problem when it is supplied with coded instructions and 
numerical data. Its high speed permits the use of 
many simple steps that can be combined into a complex 
and powerful sequence for the solution of difficult prob- 
lems. This makes it possible to solve important mathe- 
matical, computational, and statistical problems which 
would otherwise be impossible of solution in any rea- 
sonable period of time, or which would be prohibitive 
in cost if attempted by conventional methods. 

SEAC is a binary machine. That is, it uses only two 
digits, “0” and “1,” to represent all numbers and in- 
structions. The presence of a pulse is used to indicate 
“1” and the absence of a pulse indicates “0.” A se- 
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quence of 45 binary digits is known as a “word” and 
may convey operational instructions to the machine as 
well as numerical data. The binary system was chosen 
because it is simple and rapid, and particularly suited 
to electronic machines. Conversion from the decimal 
system, in which the problems are prepared, is done 
automatically. 

SEAC’s high computing speed is the result of its 
rapid pulse rate and its large “memory.” Being en- 
tirely electronic, it can operate much faster than ma- 
chines which rely on the action of mechanical parts, 
whose response is far slower than that of electrical cir- 
cuits. Numbers and instructions, in SEAC, are repre- 
sented by trains of electrical pulses at the rate of one 
million per second. This rapid pulse rate, coupled 
with a memory of 512 words, makes it possible for 
SEAC to add or subtract pairs of 11-digit numbers 1,100 
times per second, and multiply or divide them 330 times 
per second. These rates include the time it takes for 
the machine to search its memory for the numbers, 
operate upon them, and return the result to the memory. 
The actual arithmetical operation of addition or sub- 
traction is completed in 50 millionths of a second (50 
microseconds) ; multiplication or division, in 2,500 
microseconds. 

SEAC’s computing functions are carried out in four 
main sections: An input-output unit, a memory unit, 
a control unit, and an arithmetic unit. The input-out- 
put unit is the link betwen the machine and its operators. 
Here numbers and instructions are fed in and answers 
are printed out. The memory unit stores numbers and 
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SEAC is housed in two cabinets. 
is in one (right) 60 inches wide, 31 inches deep, and 84 


The acoustic memory 


inches high. The rest of the computer is in the other 

(left). It is 15 feet long, 5 feet deep, and 8 feet high. 

A manual keyboard (center) is at present employed for 

direct input, and punched paper tape for indirect 
operation. 


instructions, as well as partial answers, until they are 
needed. The control unit constantly selects the paths 
along which information must travel, searching the 
memory for numbers to send to the arithmetic unit, 
returning answers to the memory, and finally directing 
the memory to deliver the answers to the operator via 
the input-output unit. The arithmetic unit carries out 
the actual computations which the control unit directs 
it to perform. 


Engineering Design 


In the development of SEAC, emphasis was placed 
on designing circuits especially for computer use rather 
than adopting the standard techniques of television and 
radar circuitry. All computing and switching are per- 
formed by interconnected germanium crystal diodes 
rather than by electron tubes. Tubes are employed 
only for power amplification. A uniform tube-and- 
transformer combination, consisting of a single type 
of electron tube coupled to the load through an ap- 
propriate transformer, is used throughout the machine 
to simplify both design and maintenance. ‘The trans- 
former method provides effective high-frequency coup- 
ling with a minimum of cross-talk between circuits. 
These advances in circuit design as well as several 
unique construction features make it relatively easy 
to add units to the machine, and the present version of 
SEAC is forming a nucleus for a larger and more 
versatile computer. 

Because SEAC was needed for use as quickly as 
possible, its design was kept simple, and the equipment 


Approximate number of components 


Germanium 
Tubes diodes 
Serial memory (612; words) 222s se. see asee nena 490 3, 500 
Parallel memory (512 words) ---_-----------_---- 300 4, 500 
Computer (exclusive of memory) ---------------- 350 7, 500 
1, 050 15, 500 
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which had to be built initially was held to a minimum. 
SEAC was designed to operate as a serial machine be- 
cause this mode of operation requires less equipment 
than the parallel method; this does not, however, mean 
less functional effectiveness. The list of basic opera- 
tions or instructions was abridged for the same reasons, 
but provision was made for later expansion. 

SEAC has seven basic orders, chosen after a study 
which established their convenience for solving the most 
elaborate problems the machine is expected to handle. 
The orders are addition, subtraction, multiplication, 
division, comparison, logical transfer, and input-output 
control. The comparison order allows two numbers 
to be compared to determine which is larger. This 
feature gives the machine a degree of choice. The 
result of a comparison thus dictates which of two 
alternative operational sequences the machine is to 
perform next. The logical transfer order makes it 
possible for the machine to alter a portion of an in- 
struction it has previously received. Thus SEAC can 


modify its instructions, ascertain if it has made errors, 
determine when it has computed results to prede- 
termined accuracy, and refrain from printing out 
incorrect answers. 

SEAC’s present input-output unit employs a manual 
keyboard for direct input and a teletype printer for 
direct output, using a hexadecimal notation (base 16) 
to represent both numbers and instructions. Indirect 
operation is accomplished through the use of punched 
paper tape. Input and output by means of paper tape 
proceeds at the rate of 30 words per minute. If mag- 
netic wire or tape is substituted, the rate can be in- 
creased to 10,000 words per minute. SEAC’s design 
allows for the later replacement of the paper tape 
system by an entirely automatic high speed magnetic 
wire system. An initial model of a magnetic wire in- 
put-output unit which provides a single information 
channel has already been completed and is currently 
being integrated into the machine. SEAC is flexible 
enough to accommodate a wide range of single or mul- 
tiple channel input-output systems, so that future de- 
velopments in magnetic tapes or drums can be directly 
incorporated if this is desirable. 

SEAC’s present memory is a serial type whose princi- 
pal components are 64 acoustic delay lines and as- 
sociated electronic equipment. The acoustic delay 


lines are glass tubes (24 inches by ¥4 inch) filled with 


mercury which is in contact with two quartz crystals, 
one at each end. The electronic components reshape 
and amplify the pulses in the delay lines, and energize 
the germanium diode switches in this part of the system. 

The capacity of this memory is 512 words, that is, 
8 words in each of the 64 acoustic delay lines. Each 
word is stored as a sequence of sound waves travelling 
in mercury. The waves are 8 megacycle-per-second 
packets that are generated by the quartz crystal at one 
end of the mercury-filled tube and received by the 


The instruction register of the control unit holds an 
instruction word, consisting of 45 binary digits, in con- 
tinuous circulation through a 48-microsecond electrical 
delay line. This line is coiled into 10 aluminum shields 
mounted on the rear of the chassis. 


PARALLEL MEMORY UNIT 
512. WORDS 
45 ELECTROSTATIC TUBES 


ARITHMETIC UNIT CONTROL UNIT 


ADDITION (A) 

SUBTRACTION (S) 

MULTIPLICATION (M,R,N) 

DIVISION (D) 

LOGICAL TRANSFER (L) ea oot SOME 
COMPARISON (C,K) —— ORDERS ORDERS 


SERIAL MEMORY UNIT 
512 WORDS 
64 MERCURY ACOUSTIC DELAY LINES 


WORD TRANSFER —————} 
CONTROL SIGNALS —— —— —®> 


Over-all block diagram of SEAC. Switch symbols indi- 

cate electronic operations performed automatically under 

the direction of the machine’s control unit. Switching 
times are about | microsecond. 


crystal at the other end. The electrical signal from 
this crystal goes to a special electronic amplifier that 
returns the pulse sequence, at its original strength, to 
the first crystal. In this way a word is recirculated 
until it is replaced by other information from the com- 
puter. Because of the serial nature of the storage, the 
average access time to a word in the memory is 168 mi- 
croseconds. The addition of a parallel memory system 
of 45 electrostatic tubes storing an additional 512 or 
1,024 words with an access time of only 12 microseconds 
is currently in progress. 

SEAC is housed in two consoles; the acoustic mem- 
ory is in one, the rest of the computer (including space 
for the parallel memory) in the other. The memory 
cabinet is 60 inches in width, 31 inches in depth, and 
84 inches in height. The computer proper is enclosed 
in a cabinet 15 feet long, 5 feet in depth, and 8 feet 
in height. Inside this cabinet are eighteen racks, (each 
19 inches in width and 72 inches in height), on which 
are mounted chassis bearing the individual components. 

SEAC is not a “giant brain.” The preparation of 
an instruction program to be solved on SEAC requires 
a great deal of skilled work by specially trained mathe- 
maticians. “‘Automatic” computers are so named only 
because they carry out their work, from problem to 
solution, without human intervention; but before they 
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The address register (front ed back) of the electrostatic memory system being installed in SEAC, 


can attack the problem they must be given exact in- 
structions governing every step in the solution. Thus, 
each machine is only as proficient as its operators. It 
does not replace the scientist; it merely takes the drudg- 
ery out of his work, freeing him to pursue more ad- 
vanced problems. It is analogous to the assembly line 
which actually produces automobiles after designers 
have drawn the specifications both for the automobile 
and for the assembly line. 

SEAC possesses a useful time-saving feature in con- 
nection with this very problem. Once the program for 
a particular kind of problem has been coded, it can be 
used over and over again with different sets of numeri- 
cal data. The change-over from one type of problem 
to another is accomplished by sending in a new set of 
instructions through the input-output unit. No rewiring 


Storage pattern on electrostatic memory tube. 
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or switch-setting is required. Instructions previously 
read into the machine may also be altered without com- 
plete erasure. This simplifies the preparation of prob- 
lems since less complete instructions are needed at 
the outset. 

SEAC has already solved important problems in 
optics and in thermodynamics as well as several purely 
mathematical problems of general interest that were 
solved earlier for the purpose of testing the machine. 


Types of internal operation 


Time for complete operation (including 
access time) 
Operation Mercury delay line memory 
Electro- 
eke nit static 
axi- Aini- memory 
mum mum Average 
Milli- Milli- Milli- Milli- 
seconds seconds | seconds | seconds 
1, MAA dition tGA) 2eaee es eee 1.5 0.2 0.9 0. 
2 SUbLEAaACHONS) aaa eee 15 0.2 0.9 0.2 
3. Multiplication s==>sa= === 3.6 2.4 3.0 Qn8: 
(a) Major part, unrounded 
(b) Major part, rounded (R) 
(ce) Minor part (N). 
A Division Gl) =e... ae 3.6 2.4 on0 2.4 
eC OMPALISON aan eee 1b. 0.2 0.7 0.2 
(A conditional transfer of 
control based on value of 
arithmetical result). 
(a) Algebraic value (C) 
(b) Absolute value (K) 
6. Logical transfer (L) -_---_----- a bea) 0.2 0.9 0.2 
(An arbitrary partial word 
transfer for the purpose of 
forming composite words). 


Note.—In the initial model, shift effects may be obtained by means of 
multiplication division, or addition. Provision is made for the possible 
later addition of a special shift instruction as well as other additional 


instructions. 


In one of the latter the machine was directed to compute 
the factors of any given number up to 100 billion. In 
a relatively short time it determined, for example, that 
the number 99,999,999,977 has no factors and is there- 
fore a prime number. In order to do this, SEAC di- 


vided the number by 80,000 different trial divisors, 
which it systematically generated within itself. This 
problem, which represents 2 months’ work for a man 
operating a desk calculator 8 hours a day, required 30 
minutes for its solution on SEAC, 


Solution of Skew-Ray Problem 


SEAC’s first application in the physical sciences was 
the solution of a practical problem in optical design, 
the skew-ray problem, which involves tracing the paths 
of light rays through a system of lens surfaces. 

Modern photography, microscopy and astronomy are 
demanding optical instruments of greater precision and 
complexity. Progress in optical theory has kept pace 
with the demand, but the mathematical computations 
are, in many cases, so involved that ordinary methods 
employing desk calculators become too lengthy and 
expensive. 

An optical system can be analyzed on paper if the 
designer knows the shapes and locations of all the sur- 
faces and the speed of light through each type of glass 
used in the lenses. The designer then may select a few 
typical rays from a point on the object and compute 
their paths through the optical system. Having traced 
a sufficient number of rays, he can determine whether or 
not they are brought to a focus at the proper point of 
the image. If the rays do not focus properly, he must 
change the system and retrace the rays. 

This process of designing an optical system may 
become so complicated as to require the services of 
two or three persons, using desk calculators, over a 
period of a year or more. Actually, after a certain 
amount of analysis has been done, it is often less expen- 
sive to build the system and test it experimentally than 
to carry the numerical calculations to completion. The 
time element thus puts a definite restriction on the 
progress of optical science, despite the improvements in 
glass making and lens construction which have occurred 
in recent decades. 

SEAC has demonstrated that it can remove this re- 
striction. The lens designer can now call on the new 
machine to carry out a more detailed analysis to a high 
degree of correction before building the lens. SEAC 


a 
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In a practical design problem for the Bureau’s optical 
instruments laboratory, SEAC traced the paths of 32 
rays through a system of lenses containing 11 surfaces. 
The position and direction of each ray was calculated at 
each ortical surface and at the focal plane, aa’. 


in solving the skew-ray problem, traced a total of 32 
light rays through 11 optical surfaces. About 10 
seconds were required for each ray. In a similar 
manner, the machine can compute an unlimited number 
of light-ray paths through as many as 100 or more lens 
surfaces. This means that for the more complicated 
systems SEAC can solve as many problems in 1] hour as 
an experienced operator can solve in 15 weeks, using the 
best desk calculator, or in about 6 years without 
mechanical aids. 

The completion of SEAC at this Bureau has opened 
up entirely new possibilities in the numerical analysis of 
optical problems. It has simplified present methods 
of optical design and should encourage lens makers to 
modify some of their methods in order to adapt them 


to SEAC, 
Read in general instructions and constants 


Read in 3 constants for each lens surface: 
Curvature, c 

Distance between surfaces, d 

Ratio between indices of refraction, r 


Read in 6 constants for a single ray: 
3 components of unit direction vector 
3 coordinates of ray's initial position 


Find: x, y, z coordinates of point 
where ray strikes surface 


Check: is 2x - cV? = 0? 
where V2 =x? +y2+ z2 


Print out address of this 
components of new unit error.check and 8 words of 
direction vector information to identify 


cause of error 
No Check: is 12+m2 +n2=] ? |—yec- 


Print out address of this 
error check and 8 words of 
information. to identify 

cause of error 


Find: 1, m, n, 


Convert numbers from 
binary to decimal form 
and print out: }, m, 
Nye XZ 


Has last surface been 
reached? 


| Modify instructions 
for next surface 


Restore instructions 
for next ray 


The sequence of operations followed by SEAC in com- 

puting the path of a light ray can be used for an 

unlimited number of rays through lens systems having 
as many as a hundred or more surfaces. 
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SEAC’S Solution of a Heat-Flow Problem 


An important problem in the flow of heat through a 
chemically reactive material is represented by the 
partial differential equation 

0 Oe ee 

The NBS Computation Laboratory has for several years 
been interested in solving this equation for 9 sets of 
initial conditions, defined by the expressions 6 (7,0) = 
and 6(0,f) || @;. Because the problem is so complex, 
the solutions for only 4 sets of initial conditions were 
worked out by use of punched-card calculating equip- 
ment. As each solution is progressively more difficult, 
it did not seem practicable to continue with the remain- 
ing five sets of conditions. The simplest of the four 
solutions required nineteen days, and this time would 
have been more than doubled if several simplifications 
had not been applied. 

A recomputation of the first solution was one of 
SEAC’s earliest significant problems. The computa- 
tion was completed in 46 minutes, including 16 minutes 
to type the results. All of the simplifications that had 


been applied in the earlier solution were omitted when 
the problem was coded for SEAC. 

In the half-hour of actual computing, SEAC carried 
out the following operations: Starting with the tem- 
perature values given by the initial conditions, it de- 
rived by repetitive application of a computational for- 
mula the temperature values at successive intervals of 
time and distance. Each time the formula was applied, 
the intermediate set of temperature values was stored 
in the machine’s memory. These were subsequently 
checked by another formula when the end of the time 
interval had been reached. The check served to 
monitor the accuracy of the computation. 

To determine the significance of the results the pro- 
cess was repeated computing the temperatures for x- 
values (distance intervals) much closer together and 
with smaller time intervals. SEAC compared the tem- 


peratures for common points and, if agreement was 
satisfactory, continued the computation for a second 
time interval. 


When forty such time-sets were com- 


(Above) 


SEAC’s serial memory unit consists of 64 acoustic delay 
lines and associated electronic equipment. The acoustic 
delay lines are 24-inch glass tubes filled with mercury 
(lower part of photo) and containing two quartz crystals, 
one at each end. A word is stored as a sequence of 
sound waves traveling in the mercury. Total storage 
capacity of the memory is 512 words, 8 in each of the 
delay lines. 


(Right) 


End assembly of the mercury delay line. 
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All computing and switching in SEAC is done by germanium crystal diodes (le ft) rather than by electron tubes. The 


diode assemblies (right) were fabricated in the Bureau’s electronic computers laboratory. 


In the development of 


SEAC, emphasis was placed on designing circuits especially for computer use rather than adopting the techniques 
of television and radar circuitry. 


\ 


pleted and checked, the binary results for the fortieth 
set were converted into decimal equivalents and printed 
out, along with a count of the number of sets. 

The 40-set cycle was repeated until the initially speci- 
fied temperature was reached. At the end of that 
computation cycle, the machine stopped, ready to accept 
the next problem. 

600 sets were computed in all, comprising over 30,000 
points. At each point the machine evaluated the func- 
tion e~'’, by a series expansion into Chebyshev poly- 
nomials. Each temperature value was examined to 
determine whether or not the time limit had yet been 
reached. As the computations progressed, SEAC had 
to keep a running check on the availability of storage 
space in the memory for the ever-increasing list of tem- 
perature values corresponding to the flow of heat in 
the x-direction. 


An experimental laboratory arrangement was used for 


evaluating electrostatic storage techniques. A monitor 
tube (top) gives a record of the 1024 spot raster being 
stored by the memory tube (bottom). 


Operating specifications for SEAC 


Characteristic Specification 


Basic repetition rate_____-___-- 1 megacycle per second. 


Type of number representation_| Binary system; serial. 


Wiordwens the 22 ss eee ee Number words and instruction words con- 
sist of 45 binary digits (44 numerical 
digits and algebraic sign), equivalent in 
precision to approximately 13 decimal 
digits. 


Instruction systems. Two 
modes of operation are 
available: 2 

(a) 4-address system ___-_-_-- Typical instruction word specifies 10-digit 
addresses of: (1) first operand, (2) second 
operand, (3) result of operation, and (4) 
next instruction. 

Typical instruction word specifies 12-digit 
addresses of: (1) first operand, (2) second 
operand, and (3) result of operation. 
Instructions are normally arranged in 
consecutively numbered memory loca- 
tions. 


(b) 3-address system____-___- 


Types of internal memory: > J F 
(QRS erialibe 8 a= 23 eee 512 words stored in 64 mercury acoustic 
delay lines containing 8 words each. 
Access times: maximum, 336 microsec- 
onds; average, 168 microseconds. 
512 words stored in 45 electrostatic (Wil- 
liams) tubes holding 512 binary digits 
each. Access time: average for typical 
operation, 12 microseconds. ee, 
(experi- | 32 words stored in 3 electrostatic (Williams) 
tubes holding 512 binary digits each. 
Access time: average, 1,728 microseconds. 


(bh) Baralilel bases = ee 


(c) Serioparallel > 
mental). 


2 Before starting computation, the computer is set for operation in the 
particular system desired. : r ‘ : 

b The serial memory can be used in conjunction with either of the other 
2types. The experimental serioparallel type will be replaced by the 45-tube 
fully parallel system as soon as construction of the latter is completed. Pend- 
ing this, the 3-tube system will be used for evaluating comparative perform- 
ance under practical operating conditions of various types of memory tubes; 
e. g., Williams, Selectron. Provision is made for possible increase of the 
combined memory capacity up to 4,096 words. 
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Pulse transformers provide effective high-frequency 

coupling with a minimum of cross-talk between circuits: 

Initial design (left), intermediate design (center) now 

being replaced by plug-in version (right). The trans- 

formers handle pulses occurring with a one-megacycle 
repetition rate. 


The large-scale computers being developed today are 
electronic machines, entirely automatic and flexible, as 
well as fast. Under Federal Government auspices, the 
first bold step was taken. at the University of Pennsyl- 
vania to prove the feasibility of such complex machines. 
The resulting machine, ENIAC, proved its value in the 
rapid calculation of important ballistic problems and 
was soon directed to the solution of pressing problems 
in the physical sciences. Since that time, several Gov- 
ernment agencies, led by the Bureau of the Census and 
the Department of the Army (Office of the Chief of 
Ordnance), have requested the National Bureau of 
Standards to provide technical guidance and assistance 
in new computer programs. 

Four principal phases characterize the program of 
the National Bureau of Standards on digital computers. 
These are fundamental research, engineering develop- 
ment, design and construction, and technical services. 
The program, involving work in both mathematics and 
electronics, has been carried out in the Bureau’s Ap- 
plied Mathematics Division and Electronics Division. 
SEAC is but one phase of this much broader program. 

The fundamental research includes basic studies in 
numerical analysis, programming techniques, logical or 
system design, and circuit efficacy. The immediate 
objective is the more effective use of present machines 
and the long-range goal is the evolution of faster, 
simpler, and more versatile computers. 

The mathematical aspects of the fundamental re- 
search phase are carried on in the Bureau’s National 
Applied Mathematics Laboratories. This is a central 
computing laboratory and mathematical service facility 
for Government agencies, established at the suggestion 
of the Office of Naval Research. SEAC is one of three 
automatic computers to be installed in this division. 
From the start the division has followed a pattern laid 
down in many other parts of the Bureau, complement- 
ing the various lines of service work with vigorous 
research in pertinent fields of theory. 

In particular, mathematical studies of the theory of 
numerical analysis have always played a particularly 
important role in NBS mathematical activities. These 


Front of SEAC (top), with doors removed: (Il. to r.) 
Control unit (racks 1, 2, and 3) ; arithmetic unit (4 and 
lower 5); time pulse generator (upper 5 and 6); clock 
pulse generator (7); controls and power supplies, and 
circuitry for punched-tape input-output (8 and 9). 
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studies are carried on chiefly at the Los Angeles unit 
of the Bureau, called the Institute for Numerical 
Analysis. The research work there is largely supported 
by the Office of Naval Research. 

The engineering aspects of the fundamental research 
phase are carried out in the Bureau’s Electronic Com- 
puters laboratory. This is a section of the Electronics 
Division devoted to research, design, construction and 
consulting service on problems associated with com- 
puter equipment. Here the mathematical requirements 
serve as a guide for the lay-out of proposed computer 
systems. Mathematical and electronic research brings 
out the detailed nature of the equipment requirements. 
Thus, the relative advantages and limitations of differ- 
ent kinds of electrical and mechanical computer com- 
ponents can be judged, and engineering development is 
undertaken on components that need improvement. 
Recent work has been concentrated on certain critical 
computer needs: efficient memory systems, high-speed 
switching, and increased reliability of electronic com- 
ponents. 

The design and construction phase represents the ap- 
plication of the knowledge derived from NBS research 
and development work and from current advances in 
the computer field. The basic design problem is the 
conceiving and devising of a specific and complete 
system in terms of operational requirements. The 
computer design and construction projects have already 
provided valuable engineering training and experience 
and will permit extensive programming and operating 
practice. 

In addition to SEAC, a second machine, the National 
Bureau of Standards Western Automatic Computer 
(SWAC), has now been completed in the NBS Los 
Angeles Laboratories.1_ SWAC was built under the 
sponsorship of the Office of Air Research, Department 
of the Air Force. 

The final phase of the NBS computer program is in 
providing technical services for other Government 
agencies. This involves, in addition to mathematical 
and electronic consulting services and the construction 
and operation of SEAC and SWAC, technical coordina- 
tion of contracts placed with industry for five other 
large-scale computers: One for the Bureau of the Cen- 
sus to tabulate and compute statistical information, one 
for the Air Force Comptroller for further work on pro- 
gram planning problems, one for the Army Map Serv- 
ice for calculations arising in map adjustment, all under 
construction by the Eckert-Mauchly Computer Corpora- 
tion; one for the Office of Air Research to handle en- 
gineering computations, to be constructed by the 
General Electric Company; and one for the Office of 
Naval Research (to be operated by the NBS Computa- 
tion Laboratory), under construction by the Raytheon 
Manufacturing Company. 


1A full description of SWAC will be published in an early issue of the 
Technical News Bulletin. 


Lower left: Interior of SEAC’s main cabinet. Right: 

The serial memory includes a bank of 32 recirculation 

amplifiers and 3 selection generators (top). The gen- 

erators select the proper acoustic channel and send 
signals to the access circuits (right). 
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The various stages of creep are revealed by the course 
of the extension-time (creep) curve. This is illustrated 
by an idealized curve for a metal or alloy tested in 
tension at a constant load and constant temperature. 


Creep of Annealed 
High-Purity Copper 


Creep tests were recently made by W. D. Jenkins and 
T. G. Digges of the National Bureau of Standards 
on annealed oxygen-free high-conductivity copper 
(OFHC) as part of a continuing investigation of the 
properties of copper and nickel and their alloys at 
elevated temperatures. The completed portion of the 
program includes a study of the effects on creep be- 
havior of stress, temperature, mechanical and thermal 
history, rate of loading, and sudden changes in both 
stress and temperature. All creep tests were made 
in tension under constant load conditions at tempera- 


tures of 110°, 250°, and 300° F. Metallographic ex- 


2 


amination, hardness measurements, and tension tests 
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were conducted at room temperature on specimens rep- 
resentative of the copper as annealed and after testing 
into various stages of creep. 

The general relation between extension and time 
during creep of metals and alloys tested in tension at a 
constant load and a constant temperature can be simply 
represented by an extension-time curve. For ideal 
conditions, the course of such a curve is divided into 
parts as follows: (1) An initial extension (elastic and 
plastic) which occurs on the application of load; (2) 
a stage of decreasing rate of extension (designated as 
primary or first stage of creep) ; (3) a stage of nearly 
constant rate which attains a minimum (designated as 
secondary, minimum rate or second stage of creep) ; 
and (4) a stage of increasing rate eventually leading to 
complete fracture (designated as tertiary or third stage 
of creep). 

A source of concern to analysts of creep data has 
been their inability to reconcile the relations between 
strain hardening and recovery and the change in struc- 
ture that occur during the different stages of creep on 
the basis of a continuous, smooth extension-time curve. 
A consideration of the mechanism of the changes that 
occur during creep suggests that there should be dis- 
continuities in the course of this curve. That is, there 
should be a delay in time while relaxation proceeds until 
sufficient stress is concentrated in other regions to ini- 
tiate flow in these regions. The delay in the periods of 
time during which the test specimen undergoes no ap- 
preciable extension or actually contracts (negative 
creep) should be of sufficient magnitude to be readily 
detected in precision testing. Such discontinuities in 
the extension-time curves were observed in previous 
creep tests made on ingot iron (strain aging material ) 


Behavior of high-purity copper specimens at different 
temperatures and strain rates: (4) 80° F and strain 
rate of 60,000 percent per 1,000 hours; (B) radiograph 
of A reveals crack in necked section; (C) 250° F and 
strain rate of 1.5 percent (per 1,000 hours) for 2,540 
hours, 37.8 percent for 483 hours; (D) magnification of 
C shows the crack at the surface of the necked section. 


and in some of the present tests on high-purity copper. 

The prominence of the discontinuities in the exten- 
sion-time relationship varied not only with the test con- 
ditions (such as temperature and stress) but also with 
the progress of the test. They were more prominent in 
the second stage of creep than in either the first or third 
stage. Furthermore, during the course of the creep 
test apparently the structure was continually changing, 


Photomicrographs indicate the effects of testing condi- 

tions on the structure of the initially annealed copper (A 

and B) and on the initiation of microcracks in specimens 
of high-purity copper (€ and D). 


in that the parent grains broke down into subcrystals, 
some of which were of microscopic dimensions. The 
extent to which the substructure was formed also varied 
with the test conditions. The trend was for the size 
of these secondary crystals to increase with an in- 
crease in temperature and with a decrease in strain 
rate. However, strain markings were evident in all 
specimens carried to complete fracture in creep, and 
“twins” were observed in some of the crystals. 

The formation of cracks of microscopic dimensions 
often accompanied but was not necessarily a pre- 
requisite for the initiation of the third stage of creep in 
the high-purity copper. The positions at which these 
cracks were nucleated and their subsequent growth 
were affected by the test temperatures and strain rates. 
In some cases the cracks were initiated at or near the 
axis of the test specimen, whereas in other specimens 
cracking commenced at the surface. 

Note—For further technical details, see Creep of high-purity 


copper, by W. D. Jenkins and T. G. Digges, J. of Research 45, 
(1950) RP2121. 


Simplified Viscosity Test for Cellulose 


An improved method for determining the quality of 
cellulose has been devised by H. F. Launer and William 
K. Wilson of the National Bureau of Standards. The 
new method is a simplification of the cuprammonium 
viscosity determination, which is widely used as an aid 
in determining the effect of light, heat, and chemical 
reagents on the cellulose in paper and textiles. Ad- 


vantages of the Bureau’s procedure are ease of prepara- 


tion of the cuprammonium reagent and a reduction in 
sources of error during the reaction. 

The cuprammonium test is one of the most important 
in cellulose chemistry. It involves the measurement of 
the time required for a definite quantity of a solution 
of cellulose in cuprammonium hydroxide to flow from 
a calibrated viscometer. This time of flow, usually 
measured at 20° centigrade on a solution containing 
0.5 percent cellulose, is related to the viscosity of the 
solution and therefore to the quality of the cellulose. 

Cuprammonium is usually prepared by the air-oxida- 
tion of metallic copper in ammonium hydroxide. This 
is a laborious, time-consuming process and is further 
complicated by the formation of ammonium nitrite, 


The cuprammonium test for determining the effects of 
light, heat, and chemicals on cellulose involves measure- 
ment of the viscosity (right) of a solution of cellulose in 
cuprammonium hydroxide. An improved technique 
simplifies preparation of the solution and gives more 
reliable results. Mechanical agitation (left foreground) 
facilitates solution of the cellulose. 


which lessens the usefulness of the solution. As the 
reagent is unstable at room temperature, it must be 
stored at 0° C. Another disadvantage in the cupram- 
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monium test as ordinarily carried out is the necessity 
of using special apparatus to exclude air during the 
solution of the cellulose since cellulose is particularly 
sensitive to oxidation. 

The new procedure removes the difficulties in both 
stages of the process. The cuprammonium reagent is 
first prepared by dissolving solid cupric hydroxide in 
ammonium hydroxide in an ice bath. This easy 
method of preparation makes storage unnecessary. 
Cellulose is then dissolved in the reagent, with the 
addition of cuprous chloride and copper wire to pre- 
vent air oxidation. Rubber-stoppered Erlenmeyer 


flasks are convenient for this purpose and mechanical 
agitation facilitates the process. The time of flow 
of the resulting solution is measured in a viscometer 
enclosed in a glass jacket, through which water is 
pumped from a constant-temperature bath. 

This procedure has been found to save both time 
and labor. The results compare favorably with those 
obtained by the older method. 

Note—For further technical details, see H. F, Launer and 
W. K. Wilson, Preparing cuprammonium solvent and cellulose 
solutions, Analytical Chemistry 22, 455 (1950). Dr. Launer 


is now associated with the Western Research Laboratory, U. S. 
Department of Agriculture, Albany, Calif. 


Field-Intensity Standards at Very-High Frequencies 


The National Bureau of Standards is now offering a 
calibration service for field-intensity meters at all radio 
frequencies of broadcast and commercial importance 
up to 300 megacycles. Of special interest are the new 
standards and methods which have been developed at 
the Bureau for calibrating field-intensity meters in the 
very high-frequency region from 30 to 300 megacycles. 
The new standards were developed to meet a need for 
an improvement in the available accuracy of field-in- 
tensity measurements required because of the greatly 
increased use of VHF bands by FM and TV stations. 
Prior calibration service for field-intensity meters had 
already accommodated meters operating in the range 
from 10 kilocycles to 30 megacycles. 
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Commercial field-intensity meters are universally 
used by broadcast engineers to determine the antenna 
efficiency and coverage of a radio station. The cali- 
bration of such instruments must be based on standards 
which are derived from and agree precisely with the 
basic units of measurement. The National Bureau of 
Standards has taken the lead in developing new and 
improved standards and increasing the accuracy of 
those already available. 

The extended field- intensity-meter calibration service 
necessitated the development of new and accurate field- 
intensity standards. The VHF standards are similar 
to those already employed at lower frequencies, but 
several special techniques, particularly in the measure- 
ment of antenna current and voltage, have been de- 
veloped to meet the peculiarities of VHF calibration 
work, 

Two distinct experimental methods are used in the 
Bureau’s field-intensity standardization work: The 
standard-antenna method and the standard-field inten- 
sity method. It has been found most practical to use 
the standard-antenna method for frequencies greater 
than 30 megacycles, and the standard-field method for 
lower frequencies. 

In calibrating a commercial VHF field-intensity meter 
by the standard-antenna method, the field strength at 
some arbitrary distance from a special VHF transmitter 
is determined by a standard receiving antenna employ- 
ing a crystal voltmeter. The antenna of the commer- 
cial set is substituted at the same position. Knowledge 
of the field strength, the height of the antenna above 
ground, and the meter readings obtained with the two 
antennas, enables one to compute the antenna coefficient 
that must be applied to the commercial instrument to 
relate field intensity to its meter reading. 


In the standard-field method of calibrating field-intensity 
meters, the standard field is radiated from the trans- 
mitting antenna (left foreground). Field strength is 
then measured by the movable receiving antenna (left 
center; enlarged, upper right) at many heights and 
distances of separation. The antenna coefficient of a 
meter placed in the field can be calculated from the 
known field strength and the distance between antennas. 


Typical values of electric-field intensity and . power 
density of various forms of radiant energy are com- 
pared to the strong radiation of the sun. A, Thermal 
radiation from outer space; B, cosmic noise; C, atmos- 
pheric noise; D, transatlantic shortwave broadcast; E, 
local broadeast; F, moonlight; G, 1 mile from 50-kilo- 
watt broadcast transmitter; H, 1 mile from powerful 
radar; J, average sunlight intensity; and K, peak sun- 
light intensity. It can be seen how the relatively weak 
radiations (4, B, and C) limit the effectiveness of weak 
radio signals. 


The standard-field method of calibration at frequen- 
cies below 30 Mc utilizes a known induction field pro- 
duced by a single-turn transmitting loop antenna. 
Relatively short distances are employed between trans- 
mitting and receiving loops so that reflections from 
the ground and nearby objects are minimized. The 
antenna coefficient of a commercial meter placed any- 
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where in the known field can be calculated on the basis 


of the known field strength, and the distance between 
the two antennas. 


New Wide-Range R-C Oscillator 


A resistance-capacitance oscillator with many im- 
mediate applications in radio and electrical work has 
been developed by Peter G. Sulzer at the National 
Bureau of Standards. The new oscillator covers, in 
five steps, the frequency range from 20 cycles to 2 
megacycles. Combining simplicity and compactness 
with excellent frequency stability over a wide tuning 
range, it has several advantages over previous R-C 
oscillators. In older models the top frequency is about 
200 kilocycles; in the new R-C oscillator, a single ampli- 
fier driving a cathode follower provides wide-band 
operation with small phase shift, low output impedance, 
and constant output voltage. 

The oscillator circuit has two feedback paths: a re- 


A new resistance-capacitance oscillator that covers, in five 

steps, the frequency range from 20 cycles to 2 mega- 

cycles, extends the frequency of R-C oscillators from a 
previous maximum of about 200 kilocycles. 
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generative cathode-to-cathode loop and a degenerative 
cathode-to-grid loop which includes a bridged-T net- 
work. Oscillation occurs at the frequency of minimum 
degeneration. The 15-volt output remains constant to 
within one decibel at all frequencies, and the output 
waveform is essentially undistorted. By proper shield- 
ing to prevent synchronization with the power-line fre- 
quency, the R-C oscillator may be mounted in the same 
small cabinet with a power supply and an output ampli- 


fier. 


Note—For further technical details, see Wide-range R-C oscil- 
lator, by Peter G. Sulzer, Electronics (330 West Forty-second 
Street, New Work 18, N.Y.) 23, 


(1950). 


By proper shielding, to prevent synchronization with 

the power-line frequency, the R—-C oscillator may be 

mounted in the same small cabinet with a power supply 
and an output amplifier. 
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Basic Law Creating National Bureau of Standards 


Extensively Amended 


A new law has been passed by the Congress and signed 
by the President of the United States defining and 
describing the authorized functions and activities of 
the National Bureau of Standards. This law—Public 
Law 619, 8lst Congress, approved July 22, 1950— 
makes clear and explicit the legal basis for the activities 
of the National Bureau of Standards. The law is 
primarily an amendment to Section 2 of the Act of 
March 3, 1901, which established the Bureau. 

The original Section 2 of the 1901 Enabling Act has 


the following provisions: 


Sec. 2. That the functions of the bureau shall consist in the 
custody of the standards; the comparison of the standards used 
in scientific investigations, engineering, manufacturing, com- 
merce, and educational institutions with the standards adopted 
or recognized by the Government; the construction, when neces- 
sary, of standards, their multiples and subdivisions; the testing 
and calibration of standard measuring apparatus; the solution of 
problems which arise in connection with standards; the de- 
termination of physical constants and the properties of ma- 
terials, when such data are of great importance to scientific or 
manufacturing interests and are not to be obtained of sufficient 
accuracy elsewhere. 


The primary purposes for which the Bureau was 
established were to provide a basis for accurate meas- 
urements in this country and a source of information re- 
garding basic properties of materials determined by 
such measurements. However, there arose, almost im- 
mediately, occasions for the practical application of 
these primary services to meet needs of the Govern- 
ment and of industry which were not foreseen, or at 
least not explicity mentioned, in the Act. Consequently 
within a few years the Congress made specific ap- 
propriations for activities which could only be covered 
by a broad interpretation of the clause, “the solution 
of problems which arise in connection with standards.” 

Among such activities, testing of materials and sup- 
plies purchased by the Government and the preparation 
of specifications for such materials early became im- 
portant parts of the Bureau’s duties although the Act 
of 1901 contains no reference to such service. During 
a period of 25 years beginning in 1910 the Congress 
provided specific funds for many additional lines of 
work in the Bureau without making the basic statutory 
authorization more explicit. These special items were 
repeated from year to year in appropriation acts up to 
1935. Since then annual appropriation acts have 
specified that the funds provided were intended to cover 
the functions set forth in detail in the 1935 act. The 
new law gives explicit legislative authority in place 
of such reference to an appropriation act based upon 
interpretations of the Act of 1901. 

In accordance with the general policy of giving re- 
sponsibility to secretaries of departments of the Gov- 
ernment, the new act assigns functions to the Secretary 
of Commerce. The act prescribes six functions in 
general terms, as follows: 
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(a) The custody, maintenance, and development of the na- 
tional standards of measurement, and the provision of means 
and methods for making measurements consistent with those 
standards, including the comparison of standards used in scien- 
tific investigations, engineering, manufacturing, commerce, and 
educational institutions with the standards adopted or recognized 
by the Government. 


(b) The determination of physical constants and properties 
of materials when such data are of great importance to scien- 
tific or manufacturing interests and are not to be obtained of 
sufficient accuracy elsewhere. 


(c) The development of methods for testing materials, mech- 
anisms, and structures, and the testing of materials, supplies, 
and equipment, including items purchased for use of Goyern- 
ment departments and independent establishments. 


(d) Cooperation with other governmental agencies and with 
private organizations in the establishment of standard practices, 
incorporated in codes and specifications. 


(e) Advisory service to Government agencies on scientific 
and technical problems. 


({) Invention and development of devices to serve special 
needs of the Government. 


This general statement ot tunctions of the National 
Bureau of Standards is supplemented by a more specific 
list of nineteen activities with the following provisions: 


(1) the construction of physical standards; 

(2) the testing, calibration, and certification of standards 
and standard measuring apparatus; 

(3) the study and improvement of instruments and methods 
of measurements; 

(4) the investigation and testing of railroad track scales, 
elevator scales, and other scales used in weighing commodities 
for interstate shipment; 

(5) cooperation with the States in securing uniformity in 
weights and measures laws and methods of inspection; 

(6) the preparation and distribution of standard samples 
such as those used in checking chemical analyses, temperature, 
color, viscosity, heat of combustion, and other basic properties 
of materials; also the preparation and sale or other distribution 
of standard instruments, apparatus and materials for calibration 
of measuring equipment; 

(7) the development of methods of chemical analysis and 
synthesis of materials, and the investigation of the properties 
of rare substances; 

(8) the study of methods of producing and of measuring high 
and low temperatures; and the behavior of materials at high 
and at low temperatures; 

(9) the investigation of radiation, radioactive substances, and 
X-rays, their uses, and means of protection of persons from 
their harmful effects; 

(10) the study of the atomic and molecular structure of the 
chemical elements, with particular reference to the character- 
istics of the spectra emitted, the use of spectral observations in 
determining chemical composition of materials, and the relation 
of molecular structure to the practical usefulness of materials; 

(11) the broadcasting of radio signals of standard frequency; 

(12) the investigation of the conditions which affect the 
transmission of radio waves from their source to a receiver; 

(13) the compilation and distribution of information on such 
transmission of radio waves as a basis for choice of frequencies 
to be used in radio operations; 

(14) the study of new technical processes and methods of 
fabrication of materials in which the Government has a special 
interest; also the study of methods of measurement and techni- 
cal processes used in the manufacture of optical glass and 
pottery, brick, tile, terra cotta, and other clay products; 


(15) the determination of properties of building materials 
and structural elements, and encouragement of their standardiza- 
tion and most effective use, including investigation of fire- 
resisting properties of building materials and conditions under 
which they may be most efficiently used, and the standardization 
of types of appliances for fire prevention; 


(16) metallurgical research, including study of alloy steels 
and light metal alloys; investigation of foundry practice, casting, 
rolling, and forging; prevention of corrosion of metals and 
alloys; behavior of bearing metals; and development of 
standards for metals and sands; 

(17) the operation of a laboratory of applied mathematics; 

(18) the prosecution of such research in engineering, mathe- 
matics, and the physical sciences as may be necessary to obtain 
basic data pertinent to the functions specified herein; and 

(19) the compilation and publication of general scientific 
and technical data resulting from the performance of the func- 
tions specified herein or from other sources when such data 
are of importance to scientific or manufacturing interests or to 
the general public, and are not available elsewhere, including 
demonstration of the results of the Bureau’s work by exhibits 
or otherwise as may be deemed most effective. 


Besides these amendments, the new act adds three 
sections which refer to financial support for the Bureau’s 
work from sources other than direct appropriations: 


The Act of March 3, 1901 (31 Stat. 1449), as amended, be, 
and the same hereby is, further amended by inserting at the 
end thereof the following sections: 

Sec. 11. For all services rendered for other Government 
agencies by the Secretary in the performance of functions 
specified herein, the Department of Commerce may be reim- 
bursed in accordance with section 601 of the Economy Act 
of June 30, 1932. 

Sec. 12. In the absence of specific agreement to the contrary, 
equipment purchased by the Department of Commerce from 
transferred or advanced funds in order to carry out an in- 
vestigation authorized herein for another Government agency 
shall become the property of the Department of Commerce for 
use in subsequent investigations. 

Sec. 13. (a) The Secretary of Commerce is authorized to 
accept and utilize gifts or bequests of real or personal property 
for the purpose of aiding and facilitating the work authorized 
herein. 

(b) For the purpose of Federal income, estate, and gift taxes, 
gifts and bequests accepted by the Secretary of Commerce 
under the authority of this Act shall be deemed to be gifts and 
bequests to or for the use of the United States. 


In addition to this law, another law—Public Law 
618, 8lst Congress, approved July 21, 1950—provides 


authority for certain administrative and operational 
activities of the Bureau. 


New Values of Electrical and Photometric 


Units Established by Law 


By an act approved July 21, 1950 (Public Law 617), 
the 8lst Congress has given formal statutory sanction 
to a revision of the practical system of electrical units. 
In large part, the values adopted for these units resulted 
from research by the National Bureau of Standards, 


and the present legislation was proposed by the Bureau. . 


The changes in magnitude of the units are small, in no 
case larger than %o of one percent, but the new law 
puts the values on a clear and unambiguous basis which 
assures the closest practicable agreement between 
electrical and mechanical units. 

The law previously in effect, enacted 56 years ago, 
included double definitions of the units. There were 
no central standards laboratories at that time, and to 
- enable any competent laboratory to set up valid electri- 
cal standards the United States law, as well as inter- 
national agreements, prescribed certain devices to pro- 
duce three basic units. The ampere was defined by 
the rate of deposition of silver in a voltameter or 
coulometer, the ohm as the resistance of a specified 
column of mercury, and the volt as a specified fraction 
of the electromotive force of a certain type of standard 
cell. 

It was later found that these conventional standards 
did not produce exactly the intended values of the units. 
Technical and scientific developments, including the 
use of electrical instruments for many kinds of measure- 
ment, made it increasingly inconvenient to have electri- 
cal units not strictly consistent with those of mechanics. 
Furthermore national standards laboratories were es- 
tablished in all of the larger industrial countries. 
These laboratories maintain the basic standards of 
measurement so that the need for the old system of 
reproducible electrical standards has disappeared. 


Recognizing these changed conditions, the American 
Institute of Electrical Engineers in 1928 proposed a 
return to the basic “absolute” units. Twenty years of 
research and negotiation in which the National Bureau 
of Standards played a leading role, were required to 
bring about unanimous international action to this end. 
The story of this accomplishment is told in detail in 
the NBS Circular 475, “Establishment and Main- 
tenance of the Electrical Units” (Superintendent of 
Documents, Government Printing Office, Washington 
Zo Go 25 cents a copy). 

The new Act is similar to the old law in defining 
the fundamental practical units as multiples of the units 
of the centimeter-gram-second electromagnetic system. 
In fact, however, they are also component parts of the 
meter-kilogram-second system which is being widely 
accepted in textbooks and in engineering practice. 
Two sections of the Act define the basic photometric 
units, the candle and the lumen, which were not 
previously defined by law. 

The provisions of the law are as follows: 


That from and after the date this Act is approved, the legal 
units of electrical and photometric measurement in the United 
States of America shall be those defined and established as 
provided in the following sections. 

Sec. 2. The unit of electrical resistance shall be the ohm, 
which is equal to one thousand million units of resistance of 
the centimeter-gram-second system of electromagnetic units. 

Sec. 3. The unit of electric current shall be the ampere, which 
is one-tenth of the unit of current of the centimeter-gram-second 
system of electromagnetic units. 

Sec. 4. The unit of electromotive force and of electric po- 
tential shall be the volt, which is the electromotive force that, 
steadily applied to a conductor whose resistance is one ohm, 
will produce a current of one ampere. 
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Sec. 5. The unit of electric quantity shall be the coulomb, 
which is the quantity of electricity transferred by a current of 
one ampere in one second. 

Sec. 6. The unit of electrical capacitance shall be the farad, 
which is the capacitance of a capacitor that is charged to a 
potential of one volt by one coulomb of electricity. 

Sec. 7. The unit of electrical inductance shall be the henry, 
which is the inductance in a circuit such that an electromotive 
force of one volt is induced in the circuit by variation of an 
inducing current at the rate of one ampere per second. 

Sec. 8. The unit of power shall be the watt, which is equal 
to ten million units of power in the centimeter-gram-second 
system, and which is the power required to cause an unvarying 
current of one ampere to flow between points differing in 
potential by one volt. 

Sec. 9. The units of energy shall be (a) the joule, which 
is equivalent to the energy supplied by a power of one watt 
operating for one second, and (b) the kilowatt-hour, which is 


equivalent to the energy supplied by a power of one thousand 
watts operating for one hour. 

Sec. 10. The unit of intensity of light shall be the candle, 
which is one-sixtieth of the intensity of one square centimeter 
of a perfect radiator, known as a “black body”, when operated 
at the temperature of freezing platinum. 

Sec. 11. The unit of flux of light shall be the lumen, which 
is the flux in a unit of solid angle from a source of which the 
intensity is one candle. 

Sec. 12. It shall be the duty of the Secretary of Commerce 
to establish the values of the primary electric and photometric 
units in absolute measure, and the legal values for these units ~ 
shall be those represented by, or derived from, national reference 
standards maintained by the Department of Commerce. 

Sec. 13. The Act of July 12, 1894 (Public Law Number 105, 
Fifty-third Congress), entitled “An Act to define and establish 
the units of electrical measure”, is hereby repealed. 
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